App No.: Yet Assigned Docket No.: R2184.0305/P305 

Inventor: fe&iya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 1 of 60 



LU 



CD 




App No.: Not Yet Assigned Docket No,: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 3 of 60 



CO 




CM 



E 

CO 
CM 



1 



>- 
en 
o 

LU 



2<I-ZD 
UJ200 



CO 
CM 



CO 



o 
cr 



o 
q: 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 4 of 60 



FIG.4 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 5 of 60 



FIG.5 



DIFFRACTION EFnCIENCY(%) 




INCIDENT ANGLE ^ 



FIG.6 



o 

i 0.8 




-10 -5 0 5 10 

INCIDENT ANGLE /deg 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et at. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 6 of 60 



FIG.7A 




-30 -20 -10 0 10 20 
INCIDENT ANGLE /deg 



30 



FIG.7B 



UJ 

O 



zq: 

I— UJ 

Oq- 
U-O. 

o 



LU 




-30 -20 -10 0 10 20 

INCIDENT ANGLE /deg 



30 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 7 of 60 



FIG.8A 




FIG.8B 

159b 159a 




TO 28 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 8 of 60 



FIG.9A 



>- 
I- 

< 

ZD 
O 

I- 
X 

o 



-30 




-20 -10 0 10 20 
INCIDENT ANGLE /deg 



FIG.9B 



r-LU 







A 





-30 -20 -10 0 10 20 30 
INCIDENT ANGLE /deg 



FIG.9C 



I- 



-30 -20 -10 0 10 20 30 
INCIDENT ANGLE /deg 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 9 of 60 



FIG. 1 0A 




FIG. 1 0B 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 10 of 60 



FIG.1 1 



I 

LU 

o 
ul 

Ll. 
LU 

O 

O 
< 



0.8 



0.6 



0.4 



t 0.2 




2 4 6 8 10 

INCIDENT ANGLE /deg 



12 



FIG.1 2 




153 

V,_ L 



152 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 11 of 60 



FIG.13 




FIG.14 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 12 of 60 



FIG.15A 




FIG.15B 

163 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 13 of 60 



FIG.16 



163 




FIG.17 

1 59rb 1 59ra 




TO 28 



1 59tb 1 59ta 




TO 28 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 14 of 60 



FIG. 18 



163 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 15 of 60 



FIG. 19 



1 59rb 1 59c 1 59ra 




TO 28 



TO 28 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 17 of 60 



FIG.22 




200 



L. 



ANGULAR K^^"" 



INFORMATION 
CONVERTER 
CIRCUIT 



DISPLAY 



203 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 18 of 60 




« 
« 



CM 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 19 of 60 



LU 




CO 



LU ^ 




m 





App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 20 of 60 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 21 of 60 




App No.: Not Yet Assigned Docket No.: R21 84,0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 22 of 60 

FIG.27 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 23 of 60 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 24 of 60 

FIG.30 



260 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 25 of 60 

_ . . . _ y 

FIG.32 




If- 



FIG.33 



G2 









w 




1 \ - 



DirT 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 26 of 60 



FIG.34 



1ST ORDER 
DIFFRACTION EFnCIENCY(%) 




INCIDENT ANGLE 



FIG.35 



PD6 



4J 

I 

I 



PD7-^ 



/ PD4 



I 
I 

L _^_r3rir. 



I 



rr 

I 

I 

j 

r 



PD2 



PD3 



PD5 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

TiUe: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 27 of 60 



FIG.36 




PD5 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et ai. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 28 of 60 



CO 
CO 
CM 



Lo o r-- 

CM CO 

CN4 CM CM 

o o o 



CO 
CO 
CM 



oo 

CM 
CM 



CO 

d 



_Q 
OO 
CM 
CM 



0) 
CO 
CM 
CM 



q: 

UJ 

o 
o 
o 

LLI 
O 



OO 

CM 
CM 



Is" 

CO 



OO 
Csl 
CNJ 



OOl- 



CO 
CM 
CM 



<oi- 

t/)UJCC 



(0 
OO 
CM 
CM 



OO 
CM 
CM 



DC ^ 
LUZOo 



V 



1 



^1 



CO 
CM 
CM 



Q 
Q. 



O 



o 
cr 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 29 of 60 



FIG.38 



SI S2 



R1 
ADDER 



S3 

S6 S7 



R2 
ADDER 



288g 



R3 

^ 

SUBTRACTOR 



I ! .RT 



R4 

^ 



ADDER 



R5 



DIVIDER 



Srt 



^_ S8 . 



-►TO 233 



! SI S4 
S6 

S3 S5 



T1 

^ 

ADDER 



T2 
ADDER 



T3 

^ 



SUBTRACTOR 



T4 

^ 



ADDER 



T5 



DIVIDER 



Stt 



-►TO 233 



^ S8 : 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 30 of 60 

_ _ J 

FIG.39 



UGHT INTENSITY 




INCIDENT ANGLE 
RELATIVE TO RADIAL DIRECTIONS 



FIG.40 



UGHT INTENSITY 




INCIDENT ANGLE 
RELATIVE TO TANGENTIAL DIRECTIONS 



App No,: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 31 of 60 



FIG.41 



501 

503 
505 



507 



509 



513 



519 



START 



I 



3 



ROTATING 
SPINDLE MOTOR 



SETTING SERVO ON 



PERFORMING OPC 



ACQUIRING 
CURRENT ADDRESS 



COMPUTING DIFFERENCE 
FROM TARGET ADDRESS 




OUTPUTTING 
SEEK CONTROL SIGNAL 



515 



YES 



PERMITTING WRITING 



c 



END 




ACQUIRING 
CURRENT ADDRESS 



App No,: Not Yet Assigned Docket No,: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 32 of 60 



FIG.42 



701 



r START ) 



ROTATING 
SPINDLE MOTOR 



703 



705' 



707- 



711 



717 



SETTING SERVO ON 



ACQUIRING 
CURRENT ADDRESS 



COMPUTING DIFFERENCE 
FROM TARGET ADDRESS 




OUTPUTTING 
SEEK CONTROL SIGNAL 



713 



YES 



PERMITTING READING 



END 



3 




ACQUIRING 
CURRENT ADDRESS 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 33 of 60 



FIG.43 



260 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 34 of 60 



FIG.44 



2110 




2111a 



FIG.45 



2110 




2111b 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 35 of 60 



FIG.46 



2110 



Z 



X< (2) 



2113 




2111c 



FIG.47 



2110 



z 



2113 




2114 



"A 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 36 of 60 



FIG.48 



2110 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 37 of 60 

FIG.49 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et at. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 38 of 60 



J 



FIG.50 




App No.: Not Yet Assigned Docket No.: R2184,0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 39 of 60 

FIG.51 



81 



S3 



S6 



S8 



R1' 



ADDER 



R2' 



ADDER 



R3 



SUBTRACTOR 



R4 

^ 



ADDER 



288g 



RT 



R5 



DIVIDER 



Srt 



-►TO 233 



S1 



86 



83 
88 



TV 



ADDER 



T2' 
ADDER 



T3 

^ 



8UBTRACT0R 



"T4 

^ 

ADDER H 



T5 



DIVIDER 



-►TO 233 



8tt 



App No,: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 40 of 60 




FIG.53 



2110 




2117 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 41 of 60 



FIG.54 




PDc 



I 




1 



PDa 



PDd 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 42 of 60 



FIG.55 



288g 

. ^ 



Sa 
Sb 



X 



Ra 



SUBTRACTOR 



Rb 



ADDER 



Rc 

^ 



DIVIDER 



RT 



Srt 



-►TO 233 



Sc 



Sd 



Ta 

^ 



SUBTRACTOR 



-> 



Tb 

c± 

ADDER H 



Tc 



DIVIDER 



Stt 



-►TO 233 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 43 of 60 



FIG.56 



2120 




FIG.57 



260 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 44 of 60 



FIG.58 



PD 



PDcl 



PDa2 PDal 

i t 




PDdl 



^ 

App No,: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et at. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 45 of 60 



CO 
CO 
CM 



in o 

CM ^ CO 

CVJ CM CNJ 

O O O 



CO 
CO 
Csl 



CO 
CO 
CM 



CO 
CM 
CM 



CO 
CM 
CM 



I 



CO 
CM 
CM 



o 
o 
o 

LU 



o 

CO 
CM 



CO 



1 



CO 
CM 
CM 



UjOO 



I 



<Oh- 



oo 

CM 
CM 



^91- 

ujIHo 
-■q 



CO 
CM 
CM 



CO 
CO 
CM 
CM 



V 



CO 
CM 
CM 



V 



J 



CO 
CM 
CM 



a. 



App No,: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et aL 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 46 of 60 

FIG.60 



Sal 

r> 

Sbl 



228h 



ci... 



Ral 



SUBTRACTOR 



Rbl 

^ 



ADDER 



Rcl 

^ 



DIVIDER 



^T1 



Srt1 

^ i 



-►TO 233 



r' 



Scl 
Sdl 



Tal 



SUBTRACTOR 



Tb1 



Tel 

^ 



DIVIDER 



rr 



TT1 



Stti 



-►TO 233 



ADDER 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 47 of 60 



FIG.61 



228i 





r" 



Sa2 
Sb2 



Ra2 

^ 



SUBTRACTOR 



Rb2 

^ 



ADDER 



Rc2 

^ 



DIVIDER 



Srt2 



-►TO 233 



Sc2 
Scl2 



Ta2 

^ 



SUBTRACTOR 



JT2 



Tb2 

^ 



ADDER 



Tc2 

^ 



DIVIDER 



Stt2 



-►TO 233 



App No,: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 48 of 60 



FIG.62 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 49 of 60 



FIG.63 




303 



nG.64 




Docket No.: R2184.0305/P305 



App No.: Not Yet Assigned 
Inventor: Tetsuya Ogata et al. 
Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 50 of 60 



J 



FIG.65 



>- 
O 



O 



O 

o 
< 




ORDERS 
DIFFRACTION LIGHT 

-1ST ORDER 
DIFFRACTION LIGHT 



0° +0 
INCIDENT ANGLE 



FIG.66 



-ISTQRDER 
DIFFRACTION UGHT 



305a- [ 



+1ST0RDER 
DIFFRACTION UGHT 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 51 of 60 



FIG.67 



O 

a: 

LU 



< 

O 

I- 

o 




TILT ANGLE 




App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 52 of 60 



FIG.69 





App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 53 of 60 



FIG.71 



PACKAGE 307 




303 



308a TILT 
^ SENSOR 



305a 



FIG.72 




+0' 



TILT ANGLE 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor; Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 54 of 60 



FIG.73 




FIG.74 





^n=0.18A/d 




Zln=0.30A/d 




An=0.55 A /d 








A =660nm 








cl=4.0 ju m 





0" 

TILT ANGLE 



App No.: Not Yet Assigned Docket No.: R2184.0305/P305 

Inventor: Tetsuya Ogata et al. 

TiUe: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 55 of 60 

FIG.75 




FIG.76 



0.60 

g 0.40 

§S 0.20 

§5 0.00 

5 m -0.20 
o 

u:-o.40 

UJ 

-0.60 





^n=0.23 A /d 




^n=0.35 A /d 




^n=0.46 A /d 






A =780nm 








A =1 .5 /L< m 




d=3.0 u m 





TILT ANGLE 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 56 of 60 

. .J 

FIG.77 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 57 of 60 

FIG.78 



30Sa 




App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 58 of 60 



FIG.79 




304f 



FIG.80 




Docket No.: R2184.0305/P305 



App No.: Not Yet Assigned 
Inventor: Tetsuya Ogata et al. 
Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 59 of 60 



FIG.81 



1/4 

WAVELENGTH 
PLATE 
309 



302 



307 



305a 



.303 

308b TILT 
—rrL., SENSOR 




POLARIZABLE 
DIFFRACTION 
ELEMENT 
304h 



305b 



FIG.82 



308b 



305a 



.303 

312 TILT 
Tz^. SENSING 

APPARATUS 




304h 



,305b 



^301 



ANGLE INFORMATION 
CONVERSION CIRCUIT 

i 



,310 



DISPLAY UNIT 



,311 



App No.: Not Yet Assigned Docket No.: R21 84.0305/P305 

Inventor: Tetsuya Ogata et al. 

Title: TILT SENSOR USING DIFFRACTION GRATING 

Sheet 60 of 60 



FIG.83 



308b 



318v^ 
OPTICAL 
PICKUP 
APPARATUSI 




316 

OBJECT LENS 

)^315 
1/4 

WAVELENGTH 
PLATE 



1^317 

OPTICAL 
DISK 



>^314 

COUPUNG 
LENS 



313 

HOLOGRAM 
UNIT 



FIG.84 



DISK 
INSERTION 
DIRECTION 



SHUTTER 




SPINDLE 

^n-r.^A. MOTOR 323 

OPTICAL 

PICKUP 

APPARATUS 318 

CARRIAGE 
324 



325 

CARTRIDGE 



317 

OPTICAL 
DISK 



322 

INSERTION 
OPENING 



CARRIAGE 

MOTION 

DIRECTION 



320 OPTICAL DISK 
APPARATUS 



